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Here we report three patients in whom right hemi-diaphragmatic paralysis
developed after cardiac radiofrequency ablation. We hypothesise that local focused
thermal energy at the time of the ablation may have caused direct neuronal damage
by axonal coagulation necrosis. The prognosis for this type of injury may be
reasonably good; two of the three patients fully recovered diaphragm function by 1
year.
& 2006 Elsevier Ltd. All rights reserved.Introduction
Diaphragm paralysis can occur after injury to the
phrenic nerves and is a cause of breathlessness, and
occasionally respiratory failure. Cases have been
reported of traumatic phrenic nerve injury during
cardiac surgery1,2 and internal jugular or subclavian
vein catheterisation.3,4 Here, we describe three
patients who presented with dyspnoea associated
with right hemi-diaphragm weakness, confirmed by
specialist respiratory muscle tests, following cardi-
ac radiofrequency (RF) ablation for recurrent
arrhythmias.Elsevier Ltd. All rights reserv
7351 8029;
k (E.B. Swallow).Case 1
A 45-year-old man underwent focal right atrial RF
ablation for recurrent atrial flutter. He had been
diagnosed with tetralogy of Fallot at the age of 5
years and initially had a left Blalock-Taussig shunt
performed. He subsequently had a total correction
aged 13 years. At 25 years he developed frequent
episodes of atrial flutter. Serial echocardiography
showed deteriorating left and right ventricular
function. Following five electrical cardioversions
and failure to control his symptoms pharmacologi-
cally he was referred for RF ablation.
The procedure was performed via the femoral
route. It was noted on the day after the procedure
that he was breathless, there was dullness at his
right lung base, and chest radiography showed a
raised right hemi-diaphragm (Fig. 1). Pulmonaryed.
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normal transfer coefficient (KCO).
Eight weeks post-procedure he was referred for
respiratory muscle function tests. Magnetic stimu-
lation of the phrenic nerves demonstrated severe
weakness of the right hemi-diaphragm (Table 1).
The left side was normal.
Over the following year, the dyspnoea resolved
and a radiograph showed that the right hemi-
diaphragm was no longer raised (Fig. 1). Repeat
respiratory muscle tests showed a normal response
to phrenic nerve stimulation bilaterally.Case 2
A 50-year-old man with recurrent atrial fibrillation
had RF ablation to the ostia of the pulmonary veins
via a femoral approach. The procedure was
prolonged due to a large right superior pulmonary
vein necessitating multiple applications. The fol-
lowing day he was breathless and a chest radio-Table 1 Diaphragm function tests.
Investigation Normal
values
(cmH20)
Case 1
Eight weeks
post-
ablation
Re
12
Maximum sniff
transdiaphragmatic
pressure (Sniff Pdi)
480 21.5 93
Left phrenic nerve
stimulation—Twitch
transdiaphragmatic
pressure (TwPdi)
48 9.3 11
Right phrenic nerve
stimulation—Twitch
transdiaphragmatic
pressure (TwPdi)
47 1.7 11
Figure 1 Serial chest radiographs of Case 1. Pre-procedure,graph showed a raised right hemi-diaphragm. There
was borderline hypoventilation with a PaO2 of
10 kPa and a PaCO2of 6.0 kPa breathing room air.
He was unable to return to work following the
procedure due to dyspnoea.
Magnetic phrenic nerve stimulation indicated
right hemi-diaphragm weakness (Table 1). This test
was performed 6 weeks after ablation, at which
time the patient felt that his breathlessness had
somewhat improved, suggesting partial recovery.
Diaphragm function tests 9 months post-ablation
showed full recovery.Case 3
A 43-year-old woman underwent RF ablation to the
sinus node, via the femoral route, for inappropriate
sinus tachycardia. Post-procedure she felt breath-
less. She was able to be discharged from hospital
but over the following weeks her breathlessness
persisted and she was readmitted for investigation.Case 2 Case 3
covery at
months
Six weeks
post-
ablation
Recovery at
9 months
Six weeks
post-
ablation
.8 67.4 132 12.5
.2 9.9 9.6 11.6
.1 4.8 8.7 4.8
immediately post-procedure and in recovery at 1 year.
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diaphragm and respiratory muscle tests, performed
6 weeks post-ablation demonstrated right hemi-
diaphragm weakness (Table 1).Discussion
RF ablation is the treatment of choice for recurrent
refractory atrial tachycardia5 and is being per-
formed increasingly frequently. RF ablation to the
pulmonary veins, sinus node or focal atrial areas
could cause right phrenic nerve damage due to the
close proximity of the nerve to the right pulmonary
vein and the right atrium. The precise mechanism
of the nerve injury is unknown. During ablation,
local focused thermal energy is generated which
causes damage to target areas and could poten-
tially cause direct neuronal damage by axonal
coagulation necrosis.6 The close temporal relation-
ship between the ablative procedure and the
onset of symptoms in the three cases described
here, and the demonstration of unilateral hemi-
diaphragm weakness, imply that the ablative
procedure itself was causal as opposed to the
angiographic approach.
One other case of right phrenic nerve injury after
ablation has been previously reported. In that case
the diagnosis was based just on a chest radiograph,
direct confirmation of the lesion by phrenic nerve
stimulation was not undertaken and the details of
the catheterisation approach were not provided.7
The prognosis for this type of injury may be
reasonably good. Highlighting this complication
may prompt electrophysiologists to perform more
focused ablative therapy.Conclusion
Phrenic nerve injury is a rare but significant
complication of RF ablation that should be con-
sidered in patients who present with breathlessness
post-procedure. Full recovery is clearly possible.References
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